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[57] ABSTRACT

An infusion apparatus incorporates a RAM which has a
first storage section for storing only one delivery pat-
tern defining an infusion rate and a volume to be infused
at the infusion rate, and a PDP storage section for stor-
ing a plurality of delivery patterns. In a one-pattern
delivery mode, an infusion fluid is delivered according
to the only one delivery pattern read out from the first
storage section by a CPU. Therefore, infusion is per-
formed at the same rate from the beginning to the end.
In a PDP (Program Delivery Profile) mode, an infusion
fluid is delivered according to the plurality of delivery
patterns read out in sequence from the PDP storage
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INFUSION METHOD HAVING A PLURALITY OF
DELIVERY PATTERNS

BACKGROUND OF THE INVENTION

1. Field of the Invention

‘The present invention relates to an infusion apparatus
capable of infusing medication into a patient in a pattern
appropriate for the kind of medication and the condi-
tion of the patient. |

2. Description of the Prior Art

Infusion apparatuses are used for administering medi-
cation such as a saline solution into a vein of a patient.
A generally known infusion apparatus is of an electro-
mechanical positive pressure peristaltic type provided
with a pump mechanism for peristaltically delivering
medication. FIG. 6 shows an example of such a pump
mechanism. The pump mechanism, generally indicated
by numeral 8 in FIG. 6, has n pressure fingers 83(1),
83(2), . . ., 83(n) with their ends 83a(1), . . . , 83a(n)
confronting a door 85 of a housing of the infusion appa-
ratus, and n cams 82(1), 82(2), . .., 82(n) associated with
the n pressure fingers 83(1), 83(2), . .., 83(n). The cams
82(1), 82(2), . . ., 82(n) are engaged with a shaft driven
by a not-shown stepping motor, with their phases
shifted from one another. The pressure fingers 83(1),
83(2), . . . , 83(n) are individually moved in sequence
toward the door 85 by the associated cams 82(1), 82(2),
. . . , 82(n) with rotation of the shaft 81 so as to push an
administration tube 84 set in the pump mechanism
agamnst the door 85. By so pressing the administration
tube 84 against the door 85 from above downward with
the fingers 83(1), 83(2), . . ., 83(n), medication supplied
from an administration set into the administration tube
84 1s peristaltically delivered to a patient.

FIG. 7 shows a block diagram of a conventional
infusion apparatus of the above-mentioned type, FIG. 9
is a flowchart showing the operation of the infusion
apparatus of FIG. 7, and FIG. 10 is a perspective view
Showing a part of the infusion apparatus. It is to be
noted that because an infusion apparatus of the present
mvention described later has a similar appearance, FIG.
10 1s also used to illustrate the infusion apparatus of the
present invention.

Referring to FIG. 7 and FIG. 10, a power switch 1
turns on the infusion apparatus, generally indicated by
numeral 100, when pressed. An alarm display unit, des-
ignated by numeral 2, displays all alarm messages for
errors detected in the infusion apparatus. A display unit,
designated by numeral 3, displays infusion-related pa-
rameters such as a volume of infusion fluid delivered
per unit time (simply referred to as “infusion rate” or
“delivery rate” below), a total volume of infusion fluid
to be delivered at the infusion rate (simply referred to as
“volume to be delivered” or “volume to be infused”
hereinafter), as well as an accumulated volume of the
infusion fluid already delivered (referred to simply as
“accumulated infusion fluid volume” hereinafter). A
key panel, designated by numeral 4, has thereon nu-
meral keys for inputting settings such as the infusion
rate and volume to be infused or delivered in order to
set values of an operation speed and operation time for
the pump mechanism 8, control keys for input assist-
ance, a start key for starting the operation of the pump
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mechanism 8, a stop key for stopping the operation of 65

the pump mechanism 8, and a call key for requesting
various values such as the accumulated infusion fluid
volume to be displayed. A state indicator, designated by
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numeral 5, 1s a lamp that indicates which state the appa-
ratus is currently in among the states of “alarming”, “in
operation”, and “out-of-operation”. A door opening
detector, designated by numeral 6, detects whether or
not the door 85 has come into an open position in which
the administration tube 84 is set in place in the pump
mechanism 8. The door opening detector 6 also detects
that the door 85 is inadvertently opened while the pump
mechanism 8 is in operation. When this error is de-
tected, the operation of the pump mechanism 8 is
stopped and an alarm is raised. An upstream occlusion
sensor, designated by numeral 7, detects a pressure-
reduction state caused by occurrence of any abnormal-
ity (e.g., clogged filter) in the administration set dis-
posed between a medical fluid container 32 and the
apparatus. A motor driving circuit, designated by nu-
meral 9, drives the stepping motor of the pump mecha-
nism 8 in response to a pulse outputted from a CPU 18.
A rotation detector, 10 designated by numeral 10,
through detection of the amount of rotation of the step-
ping motor of the pump mechanism 8 detects that an
incremental unit (e.g., 1 ml) of fluid has taken place, and
then informs the CPU 18 of it. A downstream occlusion
sensor, designated by numeral 11, detects a pressure-rise
state within the administration tube 84 located between
the apparatus and the patient to detect occurrence of
any abnormality such as occlusion occurring within the
administration tube 84. When the pressure-rise state is
detected, the pump mechanism 8 is stopped and an
alarm is raised. An air bubble detector, designated by
numeral 12, detects that air bubbles of more than a
prescribed amount have entered the administration tube
84. When this 1s detected, an alarm is raised while the
pump mechanism 8 is stopped so that the bubbles are
prevented from entering into the patient’s body. A bat-
tery-voltage detector, designated by numeral 13, de-
tects any battery-voltage drop of a lead battery (not
shown) used as a backup of an AC power supply. When
this battery-voltage drop is detected, operation of the
pump mechanism 8 is stopped while an alarm is raised.
The lead battery is charged by a power supply circuit
15 when the apparatus is fed power from the AC power
supply. A buzzer driving circuit, designated by numeral
14, generates a buzzer sound for informing doctors and
nurses of the fact that the infusion apparatus has entered
into the alarming state. The power supply circuit 15
supplies power to all the circuits of the infusion appara-
tus. An analog-to-digital converter, designated by 16,
converts analog data such as the voltage resulting from
voltage conversion of a current supplied to the motor of
the pump mechanism 8, the air bubble detector output
level, and the battery voltage level into digital values,
and mputs them into the CPU 18. A panel lock switch,
designated by numeral 17, serves to render the panel
keys and the power key input-inhibited so that the infu-
sion apparatus will not be operated by unauthorized
personnel. The CPU 18 controls the operation of the
overall infusion apparatus. A RAM (memory section),
designated by numeral 19, includes a first storage sec-
tion 21 for storing an infusion rate and volume to be
infused, those parameters having been key-inputted, a
second storage section 22 for storing various types of
data used for arithmetic operations by the CPU 18. A
ROM (program section), designated by numeral 20,
contains a program for operating the CPU 18.

FIG. 8 shows an example of a pattern of combination
of the infusion or delivery rate and the volume to be
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infused or delivered (this pattern will be referred to as
“delivery pattern” below), which is stored in the first
storage section 21 of the RAM 19. In FIG. 8, the infu-
sion rate is plotted on the axis of ordinates and the vol-
ume to be infused is plotted on the axis of abscissas. In
this case, the infusion rate is 125 ml/hr, and the volume
to be infused 1s 250 ml.

The following describes the operation of the above

conventional infusion apparatus with reference to a
flowchart shown in FIG. 9.

When the infusion apparatus 100 is turned on at step
S1, the apparatus 100 requests an operator, more specifi-
cally a doctor or nurse, to input parameter values of the
infusion rate and volume to be infused. Therefore, in
response to this request, the operator inputs values of
the infusion rate Ri and volume to be infused Vi, at step
S2, according to the kind of medication to be adminis-
tered and the therapeutic procedures selected. The
pump is started at step S3 when a command to start the
pumping operation is key-inputted, the pump mecha-
nism 8 starts to feed an infusion fluid at the inputted
infusion rate. Then, at step S4, it is determined whether
or not there was an incremental unit of fluid (1 ml in this
case), which is detected by the rotation detector 10. If
yes, the program proceeds to step S5 at which 1 is sub-
tracted from the initially inputted value of the volume
to be infused Vi, and a new value obtained through this
subtraction 1s set as a renewed volume (Vi=Vi—1).
Next, at step S6, it is determined whether or not the
volume to be infused Vi has reduced to zero. Vi=0
signifies that all the infusion fluid to be infused in this
infusion operation has been delivered. Therefore, when
it is determined that Vi=0 at step S6, the operation of
the pump mechanism 8 is stopped at next step S8. How-
ever, even when the remaining volume to be infused Vi
1s not zero, the pump mechanism 8 is stopped if, at step
S7, a corresponding key operation by the operator or an
occurrence of some alarm requires stoppage. Then the
program returns to step S2 to wait for an input of the
next values Ri, Vi of the infusion rate and volume to be
infused for the next infusion operation.

The above-mentioned conventional infusion appara-
tus cannot store more than one delivery pattern as
shown in FIG. 8 in the first storage section 21. Some
infusion fluids can adversely affect the patient if infused
at only a single infusion rate. For example, in some
cases, with potent medications, it is desirable to start
infusing the medication into the patient little by little at
the beginning, then gradually increase the initial infu-
sion rate to a target infusion rate as the patient grows
accustomed to the medication, and finally infuse the
rematning major part of the medication at the target
infusion rate. Also, in some cases, the patient can be
adversely affected if infusion is suddenly stopped. This
1s because the patient’s body, into which medication has
been infused, cannot quickly adapt itself to the sudden
change of condition from the infused state to the non-
infused state. In such a case, it is recommendable to
gradually reduce the infusion rate to zero in the final
stage of the infusion.

However, when such a flexible infusion operation is
desired, a single delivery pattern is insufficient. Accord-
ingly, the conventional infusion apparatus having only a
single delivery pattern cannot be used to infuse some
kinds of medication in some cases, unless the operator,
1.e., a doctor or nurse, stays by the apparatus and
changes the infusion rate and the volume to be infused.
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SUMMARY OF THE INVENTION

The object of the present invention is therefore to
provide an improved infusion apparatus capable of stor-
ing a plurality of flmid delivery patterns and infusing
medication in an infusion fluid into a patient in a pattern
appropriate for the medication and the condition of the
patient.

In order to achieve the aforementioned object an
embodiment of the present invention provides an infu-

sion 10 apparatus for infusing an infusion fluid into a
patient through an administration tube, comprising a) a
pump mechanism for peristaltically pumping the infu-
sion fluid in the administration tube to deliver the infu-
sion fluid toward the patient, b) inputting means for
inputting a value of an infusion rate and a value of a
volume to be infused at the infusion rate, both values
being used in combination, ¢) storage means having a
storage section for storing a plurality of combinations of
values of the infusion rate and values of the volume to
be infused, which values being inputted by the inputting
means, d) accessing means for reading the plurality of
combinations of the values of the infusion rate and vol-
ume to be infused in sequence from the storage section,
e) controlling means for controlling the pump mecha-
nism to deliver the infusion fluid in accordance with the
plurality of combinations of the values read by the ac-
cessing means. |

In the infusion apparatus having the construction as
described above, an operator, more specifically a doctor
or nurse, can input in advance a plurality of combina-
tions of values of the infusion rate and the volume to be
infused (referred to as “delivery pattern”) by the input-
ting means, in accordance with the kind of medication
to be infused and the condition of the patient. And the
infusion fluid is delivered at different infusion rates
according to the plurality of delivery patterns automati-
cally read out in sequence from the storage means.
Therefore, the infusion apparatus of the present inven-
tion can infuse even potent medications which could
not be infused by the conventional infusion apparatus
without manually changing the settings of the single
delivery pattern by the operator who was required to be
beside the apparatus. Therefore, the infusion apparatus
of the present invention is applicable to more types of
medication and is adaptable to different patients’ condi-
tions. As a result, an enhanced therapeutic effect can be
achieved.

The storage means or RAM (random access memory)
may further include another storage section for storing
only a single delivery pattern. In this case, the apparatus
further includes selecting means for selecting one of the
following two modes:

1) 2 one-pattern delivery mode wherein the pump
mechanism delivers the infusion fluid in accor-
dance with the single delivery pattern, and

2) a program delivery profile (PDP) mode wherein
the pump mechanism delivers the infusion fluid in
accordance with the plurality of delivery patterns
in the storage section.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully under-
stood from the detailed description given hereinbelow
and the accompanying drawings which are given by
way of illustration only, and thus are not limitative of
the present invention, and wherein:
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FIG. 1 1s a block diagram of an infusion apparatus
according to an embodiment of the present invention;

FIG. 2 is an illustration explaining contents stored in
a PDP storage section of a RAM incorporated in the
infusion apparatus of FIG. 1;

FIG. 3 1s a graph showing a delivery profile obtained
by the contents stored in the PDP storage section of
FI1G. 2;

FIG. 4 1s a flowchart of the operation of the infusion
apparatus of FIG. 1; |

FIG. § is a flowchart continued from the flowchart
shown in FIG. 4; |

FIG. 6 1s a cross-sectional view of a pump mechanism
commonly used m infusion apparatuses and also used in
the embodiment of FIG. 1: |

F1G. 7 1s a block diagram of a conventional infusion
apparatus;

FIG. 8 is a graph showing a delivery pattern used in
the conventional infusion apparatus of FIG. 7;

F1G. 9 1s a flowchart of the operation of the conven-
tional infusion apparatus of FIG. 7; and

FIG. 10 1s a perspective view of a common infusion
apparatus.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following describes the present invention with
reference to an embodiment shown in the attached
drawings.

FIG. 1 1s a block diagram of an infusion apparatus
according to an embodiment of the present invention.
In FIG. 1, parts similar to the parts of the conventional
infusion apparatus of FIG. 7 are indicated by the same
reference numeral used in FIG. 7 and a detailed descrip-
tion on those parts is omitted here.

The mfusion apparatus of the present embodiment
differs from the conventional apparatus of FIG. 7 in
that a RAM 19 incorporated in the infusion apparatus of
the present invention further has a PDP (Program De-
livery Profile) storage section 23 capable of storing a
plurality of delivery patterns, that the delivery patterns
can be mputted from the key panel 4, and that the CPU
18 controls the infusion operation using the plural deliv-
ery patterns in response to a command inputted from
the key panel 4. In addition, the key panel 4 of the
infusion apparatus of the present embodiment further
include a mode selector 4a for selecting an operation
mode as described later.

As shown in FIG. 2, the PDP storage section 23 can
store maximum nine delivery patterns. Assuming that
the delivery patterns are numbered 1, 2, ... 9, delivering
of an infusion fluid starts with the delivery pattern 1.
After completing the delivery of the scheduled volume
in the delivery pattern 1, the apparatus automatically
starts delivering the infusion fluid according to the
delivery pattern 2. Subsequently, the apparatus contin-
ues to deliver the infusion fluid according to the follow-
ing delivery patterns up to the delivery pattern 9. When
fewer patterns are programmed, the apparatus stops its
pumping operation when a non-programmed pattern is
reached. The non-programmed pattern is discerned
when an unpractical infusion rate of O ml/hr is read out
from the PDP storage section 23. This method of deliv-
ering an infusion fluid using a combination of a plurality
of delivery patterns programmed by the user is referred
to as PDP (Program Delivery Profile) method, and an
infusion mode in which programming of the delivery
patterns 1s carried out and the infusion fluid is delivered
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according to the programmed plural patterns is referred
to as PDP mode. On the other hand, another infusion
mode in which only a single pattern is set and infusion
1s carried out according to this single pattern, as con-
ventionally done, 1s referred to as one-pattern delivery
mode herein. Selection of the PDP mode or the one-
pattern delivery mode is effected by the operation of the
mode selector 4a provided on the key panel 4.

The first storage section 21, which is the same as that
of the conventional apparatus of FIG. 7, stores a funda-
mental delivery pattern (infusion rate: 125 ml/hr, vol-
ume to be infused: 250 ml) as shown in FIG. 8. TABLE
1 below shows an example of nine delivery patterns
stored in the PDP storage section 23, the nine delivery
patterns having been prepared on the basis of the funda-
mental delivery pattern stored in the first storage sec-
tion 21.

TABLE 1

Infusion Volume to be

rate Ri infused Vi
Delivery pattern 1: 15 ml/hr 4 mi
Delivery pattern 2: 40 ml/hr 4 mi
Delivery pattern 3: 80 ml/hr 4 ml
Delivery pattern 4: 100 ml/hr 3 ml
Delivery pattern 5: 125 ml/hr 220 ml
Delivery pattern 6: 100 ml/hr 3ml
Delivery pattern 7: 80 ml/hr 4 ml
Delivery pattern 8: 40 ml/hr 4 ml
Delivery pattern 9: 15 ml/hr 4 ml

The nine delivery patterns above are graphed in FIG.
3 wherein numbers 1-9 surrounded by a circle indicate
the delivery patterns’ numbers. As shown in the graph
of FIG. 3, in the initial stage of the infusion, the infusion
rates are increased in steps according to the delivery
patterns 1 to 4 until the infusion rate of 125 ml/hr of the
fundamental delivery pattern and also of the delivery
pattern 5 is reached. On the other hand, in the final
stage of the infusion, the infusion rates are decreased in
steps according to the delivery patterns 6 to 9. As a
whole, a total amount of 250 ml, which is prescribed by
the fundamental delivery pattern, is delivered.

The following describes the operation of the present
embodiment with reference to the flowcharts shown in
FIGS. 4 and 5.

First, the power is turned on at step S1. Then the
infusion apparatus 100 requests an operator to input
parameter values of the infusion rate and volume to be
infused. At this time, the operator is required to make a
selection between the one-pattern delivery mode ac-
cording to the conventional technique and the PDP
mode of the invention. The two modes can be operated
In sequence.

When the conventional one-pattern delivery mode is
selected, an infusion rate Ri and a volume to be infused
V1 are inputted at step S22, and the pump mechanism 8
is started to deliver an infusion fluid of the set volume
V1 at the constant infusion rate Ri at step S23. Then it is
checked at step S24 whether or not an incremental unit
of fluid (1 ml in this case) has taken place. The incre-
mental unit of fluid can be detected by detecting a pre-
determined amount of motor rotation of the pump
mechanism 8 by the rotation detector 10. If it is deter-
mined at step S24 that 1 ml of the infusion fluid has
taken place, the program proceeds to step S25 at which
1 is subtracted from the initially inputted value of the
volume to be infused Vi, and a new value obtained
through this subtraction is set as a renewed volume
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(Vi=Vi—1). Next, at step S26, it 1s discriminated
whether or not the renewed volume to be infused Vi is
zero. If yes, the pump mechanism 8 is stopped operating
at step S28 and the program returns to step S2. How-
ever, when the renewed volume to be infused Vi is not
zero, 1t 1S checked at step S27 whether stopping or
halting of the pumping operation has been requested by
the stop key on the key panel 4 or due to occurrence of
some alarm.
Next, reference 1s made to the case in which the PDP
mode is selected at step S2.
First, at step S3, all memory portions of the PDP

storage section 23 are initialized to have a value of zero.
That 1s, 0 ml/hr and 0 ml are set as infusion rate Ri and
volume to be infused Vi for every delivery pattern. This
initialization of the PDP storage section 23 is done for
detection at step S15 of the case in which a delivery
pattern is not set. After completion of the initialization
of the PDP storage section 23, the program proceeds to
step S4 at which an initial value of 1 is set for a pointer
n (1=n=9 in the present embodiment) which indicates
an address at which a delivery pattern n is written into
the PDP storage section 23.

As long as a key-inputted request to end setting of
values of the delivery patterns is not detected at step S5
and it 1s not determined at step S6 that data Ri and Vi
for all of the nine delivery patterns have been set, an
infusion rate R1 and a volume to be infused Vi are input-
ted for the respective delivery pattern at step S7. Subse-
quently, at step S8, the inputted values Ri and Vi are
written into the PDP storage section 23 at a respective
address pointed to by the pointer n. Once the values Ri
and V1 are set for the nth delivery pattern at step S8, the
pointer n 1s incremented by one at step S9. The steps S5
to S9 are repeated until a request to end setting of the
delivery patterns 1s detected at step S5 or until it is
determined at step S6 that setting for the last delivery
pattern i1s completed. When there is a request to end
setting of the delivery patterns or when settings for all
delivery patterns get stored in the PDP storage section
23, the program proceeds to step S10. At step S10,
before starting the pumping operation, it is confirmed
whether the delivery patterns once inputted should not
be changed or not. Then, the CPU 18 waits for the start
key to be pressed. If it 1s judged at step S11 that the
start-key has been pressed, then the program proceeds
to step S12.

At step S12, an initial value of 1 is set for a pointer m
(1=m=9) which indicates an address at which a deliv-
ery pattern m is read out from the PDP storage section
23. At step S13, 1t is discriminated whether m is larger
than 9 or not. If m is judged to be greater than 9 at step
S13, 1t is regarded that delivering in all of the nine deliv-
ery patterns has been completed. Therefore the pro-
gram skips to step S28 at which the pump mechanism 8
stops delivering the infusion fluid.

On the other hand, so far as m is not greater than 9,
the infusion rate Ri and the volume to be infused Vi of
the delivery pattern m pointed to by the pointer m are
read out from the PDP storage section 23 at step S14.
Then at step S15, it is checked whether or not the infu-
sion rate Ri read out is 0 ml/hr. When the infusion rate
Ri 1s 0 ml/hrx, it is found that the number of the pro-
grammed patterns 1s smaller than 9. Therefore, the pro-
gram proceeds to step S28 and the pumping operation is
stopped. When the mfusion rate Ri read out at step Si4
1s not 0 ml/hr, the program proceeds to step S16 to start
the pumping operation to deliver the infusion fluid ac-
cording to the read-out delivery pattern m.

Next, at step S17, 1t 1s judged whether or not the
infusion fluid of 1 ml (an incremental unit) has taken
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place. When 1 ml of the infusion fluid has taken place,
one (1) is subtracted from the value Vi1 and a value
obtained through this subtraction is newly set as volume
to be infused Vi (Vi=Vi—1), at step S18. When the
value Vi 1s reduced to zero at step S19, the delivery
pattern readout pointer m is incremented by one at step
S20 and the program returns to step S13 to read out the
next delivery pattern from the PDP storage section 23.
The stepping motor keeps driving the pump mechanism
8 unless it is found at step S21 that stopping of the
pumping operation has been requested, more specifi-
cally, that the stop key on the key panel 4 has been
pressed or that some alarm has occurred.

As obvious from the above description, the infusion
apparatus of the present embodiment is designed such
that the RAM 19 has the PDP storage section 23 capa-
ble of storing a plurality of delivery patterns defining
combinations of infusion rates Ri and volumes to be
infused Vi, that such a plurality of delivery patterns are
stored in the PDP storage section 23 through key-input
from the key panel 4, and that infusion 1s performed
according to the delivery patterns automatically read
out in sequence from the PDP storage section 23. Ac-
cordingly, it 1s possible to perform infusion in a manner
suitable for the condition of the patient and the kind of
medication.

The number of delivery patterns to be stored in the
PDP storage section 23 is not limited to nine.

The invention being thus described, it will be obvious
that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions as would be clear to one skilled 1n the art are
intended to be included within the scope of the follow-
ing claims.

What is claimed 1s:

1. A method of delivering an infusion fluid to infuse
the infusion fluid into a patient by the use of a peristaltic
pump comprising the steps of:

(a) providing a one pattern delivery mode where the
infusion fluid 1s delivered in accordance with a
single delivery pattern and a program delivery
profile mode where the infusion fluid 1s delivered
in accordance with a plurality of delivery patterns,

(b) selecting said one pattern delivery mode for the
infusion of fluid;

(¢) inputting only the single delivery pattern;

(d) storing said single delivery pattern mnputted in the
step (c);

(e) reading out said single delivery pattern stored in
the step (d); and

(f) delivering the infusion fluid according to said
single delivery pattern read out in the step (e).

2. The method of claim 1, further comprising the

steps of:

(g) selecting said program delivery profile mode for
the infusion of fluid;

(h) inputting the plurality of delivery patterns;

(1) storing said plurality of delivery patterns inputted
in the step (h);

(j) reading out said plurality of delivery patterns
stored in the step (i) in sequence; and

(k) delivering the infusion fluid according to said
plurality of delivery patterns read out in sequence
in steps (3).

3. The method of claim 1, further including the step
of (g) operating a peristalic pump for performing the
delivering in step (f).

4. The method of claim 3 wherein the step (g) in-

cludes contacting a tube for carrying the infusion fluid.
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